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NOTICES 

The  infomation  fumichad  haravith  la  mada  avallabla  for  atudy 
with  tha  undaratandlng  that  tha  Govammant'a  propriatary  Intaraata 
in  and  ralatlon  tharato  shall  net  ba  impalz^d.  It  is  daslrad  that 
tha  Judga  Advooata'a  Offloa,  VCJ,  Aaronautieal  Syatama  Division, 
Wrlght-Pattarson  Air  Fores  Bssa,  Ohio,  ba  promptly  notified  of  any 
apparent  eonfliet  between  tha  Govammant's  propriatary  interests 
and  those  of  others. 

Tha  conclusions  and  raoommandations  made  in  this  report  are 
not  to  ba  oonsidarad  dlraetiva  in  nature.  This  tjrpa  of  information 
baoomas  offlelal  only  whan  published  in  Taehnioal  Orders  or  other 
applicable  Air  Force  documents. 
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ADMINISTRATIVE  DATA 

PURPOSE: 

This  test  is  ons  part  of  a  long  rang#  program  dasigpiad  to 
dstarmina  tha  maximvun  eombinad  sarvioa  and  shelf  life  of  the  M16E3 
Rocket  Motor  for  the  TM76  Missile.  This  particular  phase  was  to 
determine  if  any  extension  of  the  present  42  month  life  was  possible. 

MANUFACTURER: 

Thiokol  Chemical  Corp,  Wasatch  Division,  Tremonton,  Utah 
MANUFACTURER' S  TYPE  OR  MODEL  NUMBER: 

Rocket  Motor,  Solid  Propellant,  M16E3,  FSN  1 336-741 -2060-Vl 74 
DRAWINGS  AND  SPECIH CATIONS: 

Thiokol  Chemical  Corp,  !!odel  Specification  TUS-60-192,  Aug  60 
Rocket  Motor  Drawing,  Thiokol  U-8987 
Pyrogen  Drawing,  Thiokol  DU-6670 
QUANTITY  OF  ITEMS  TESTED 

Five  motors  were  used  in  this  test. 

SECURITY  CLASSIFICAnON: 

Unclassified 
DATE  TEST  COMPLETED: 

9  August  1962 
TEST  CONDUCTED  BY: 

OOAMA  (OOYET  -  2705th  Airmunitions  Wing) 

Test  Director:  Richard  0.  Miller,  Capt,  USAF 
Project  Engineer:  Robert  M.  Cavett,  Chemical  Engineer 
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DISPOSITION: 

All  m*t«l  parts  gsnsratsd  wars  Inspactsd  and  cartlflad  Inart 
in  accordanea  with  Taohnlcal  Ordar  11C3‘‘1-3  and  HAFBR  136-2  and 
dalivarad  to  tha  Hadiatribution  and  Markating  Division. 
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ABSTRACT 

Thts*  tests  were  accomplished  to  detemine  the  feasibility  of 
extending  the  combined  service  and  shelf  life  of  the  M16E3  Rocket 
Motor  for  the  'IM-76  Missile  system.  Inspection,  both  visual  amd 
radiographic ,  along  with  static  firing  was  accomplished  on  five 
motors,  age  52  months.  Tests  were  conducted  at  -30°F  and  +160^. 
X-ray  examination  revealed  several  small  propellant  defects;  they 
did  not  have  an  adverse  effect  on  performance.  No  malftinctlons 
occurred  and  ballistic  parameters  were  within  specification  limits. 
It  is  recommended  that  the  combined  service  and  shelf  life  of  the 
M16E3  Rocket  Motor  be  extended  to  five  years. 
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INTRODUCTION 

The  number  and  slca  of  solid  propallant  roekat  motors  in  tha 
Air  Forca  hava  baan  ineraasing  at  a  vary  rapid  rata  and  it  has 
tharafora  baeoma  mora  important  that  tha  maximum  sarvieaabla  lifa 
of  thasa  units  ba  known  and  fully  utilisad.  Fketors  such  as  high 
raliability  and  instant  raadinass  hava  baan  and  still  ara  tha 
prima  advantagas  of  tha  solid  propallant  motor.  Thasa  factors 
must  ba  prasarvad.  To  this  and  tha  2705th  Airaunitions  Wing  is 
parforming  sarviea  anginaaring  and  survaillanca  tasts  on  tha  axplo- 
siva  componants  for  tha  TM76A  and  B  Maea  Missilas. 

From  tha  rasults  of  this  program,  it  is  hopad  that  eorraetiva 
maasuras  for  allaviating  any  advarsa  aging  manifastations  may  ba 
datarminad  aarly  and  thus  langthan  tha  sarvieaabla  lifa  of  tha 
oparational  units. 

Tha  pro J act  oovarad  in  this  raport  is  part  of  a  continuing 
survaillanca  tast  program  and  was  astablishad  to  datarmina  tha 
faasibility  of  an  axtansion  in  eombinad  sarviea  and  shalf  lifa  of 
tha  M16E3  Boostar  bayond  tha  prasant  42  months.  Tha  motors  tastad 
hava  baan  installad  on  Maca  missilas  dsployad  in  Garmany.  Thay 
hava  baan  pariodically  ramovad  and  ra-installad  during  maintananea 
cyelas.  No  accurata  raoord  is  availabla  on  tha  total  tima  Installad; 
howavar,  thasa  motors  wara  subjaotad  to  fiald  handling,  usa  and 
storaga,  and  ara  raprasantativa  of  all  motors  of  similar  aga. 

Static  firing  facllltias  locatad  at  Hill  Air  Forca  Basa  ara 
limltad  to  firing  of  roekat  motors  with  a  propallant  waight  of 
approzlmataly  300  pounds.  Thara  is  a  safaty  limitation  bacausa  of 
buildings  in  tha  vicinity  of  tha  firing  stand  that  ara  usad  for 
maintananea  work.  In  tha  avant  of  a  malfiinction  (prassura  burst 
of  a  larga  roekat  motor)  it  would  ba  posslbla  for  fragmants  to 
reach  tha  vicinity  of  thasa  buildings. 

Tharafora,  it  is  necessary  to  conduct  tasts  on  tha  larger  motors 
on  tha  Hill  Air  Forca  Range  6404  which  is  located  approximately  45 
miles  vast  of  Hill  Air  Forca  Basa.  To  tamparatura  condition  motors 
prior  to  static  firing,  a  portable  tamparatura  conditioning  oven 
has  baan  procured.  This  oven  has  baan  designed  so  that  it  can  ba 
transported  to  tha  range  on  a  flat-bad  truck.  It  is  operated  by  a 
portable  alaetrleal  generator.  Tha  oven  has  a  dual  capability  of 
tamparatvira  conditioning  motors  either  to  vary  hi^  or  vary  low 
tamparaturas . 
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This  test  was  aocompllshad  In  aecordanes  with  Projact 
M-1-535-Y-2,  praparad  by  tha  Ground  Launch  Missllas  Branch  (OOITEG), 
Englnaarlng  and  Tast  Division  (OOYE) ,  2705th  Alrmunitions  Wing 
(OOY)  .  Inquirias  to  this  rtport  should  ba  diraetad  to  tha  Ground 
Liiuneh  Missilas  Branch o  This  documant  is  tha  final  raport  for 
Projact  M-1-535-Y-2. 


DESCRIPTION 

Tha  M16E3  Rockat  Motor  was  dasignad  by  Thiokol  Chamieal 
Corporation  for  tha  111-76  Waapons  Systam.  It  producas  101,000 
pounds  nominal  thrust  for  2.62  saconds  whan  condltionad  to  70*^?. 
Tha  complata  boostar  systam  consists  of  tha  following  four  major 
eomponants:  motor  assambly,  pyrogan,  safa-arm  davlea  and  cabla 
assambly. 

Tha  motor  chambar  is  fabricatad  from  AISI  4130  staal.  Tha 
thrust  adaptar  and  nossla  ara  fabricatad  from  AISI  1020  staal. 
Dimansions  of  tha  motor  ara  shown  in  Figure  1.  Tha  TU-P-140 
Pyrogan  consists  of  a  staal  mlxad-flow  nossla,  staal  adaptar,  and 
loadad  casa  assambly.  Figuras  2  and  3  show  a  cutaway  vlaw  of  the 
unit  «uid  its  loadad  casa  assambly.  Tha  safa/am  davica  TU-SA-I4O 
consists  of  a  rotary  solanoid-drlvan  arming  machanlsm,  two  squibs 
and  a  pyrotachnlc  pallat  charga  assemblad  as  shown  in  Figura  4> 

Tha  cable  assambly  usad  with  tha  M16E3  Motor  Is  a  12-con¬ 
ductor  typa  with  cabla  support  clip  and  cabla  connactors. 

A  siumnary  of  axploslva  eomponants  usad  with  tha  TM-76  Systam 
is  givan  in  Table  1 . 
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(l)  Labels,  180°  apart 

(5)  Nozale  Closure 

(2)  Cable  Aaaenbly 

(6)  Propellant 

(3)  Pyrogen  Unit 

(7)  Web 

(4)  Safe-Arm  Device 

(8)  Star  Point 

(9)  Inhibitor 

FIGURE  1.  Rocket  Motor,  M16E3  Showing  Dimensions  and  Important  Parts 


(1)  Pin  (5)  Propellant 

(2)  Gasket  (6)  Dust  Cap 

(3)  Case  (7)  Pin 

(4)  Liner  (8)  Adapter 

FIGURE  2.  Pyrogen  Unit,  TU-P-140,  Cutaway  View 
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(l)  Case 

(4)  Star  Point 

(2)  Liner 

(5)  Case 

(3)  Propellaat 

(6)  Liner 

(7)  Frop«llaat 


FIGURE  3»  Pyrogen  Unit,  TU-P-140,  Loaded  Case  Assembly 
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ITEM  NCMENCLATURE 

QUANTITY  PER  MISSILE 

TM76A 

IM76B 

Rocket  Motor,  M16E3 

1 

1 

Pyrogen  Unit,  TD-P-UO 

1 

1 

Safe/Arm  Device,  TU-SA-140 

1 

1 

Cmp,  Blasting  Electric  E-80 

0 

4 

Cap,  Blasting  Eleetric  E-81 

0 

6 

Detonating  Cord 

0 

46  Et  6  In 

Squib,  Electric,  M-76,  Mod  1 

6 

20 

Relay,  Time  Delay,  Squib-Operated, 

Part  No.  OM373C 

0 

2 

Squib,  Rapid  Eire,  Test  Set,  Cable  Discon¬ 
nect,  200X-6-134,  0A-ANI0-3-(2,7)2(7B1), 
0A-AN10-3-7B1 

1 

0 

TABLE  1 .  Bxploslv*  Gomponsnts  Us*d  on  tb*  IM-TSA  and  B. 


A  summary  of  the  physical  characteristics  of  the  M16E3  Rocket 
Motor  is  contained  in  Table  2. 
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TECHNICAL  DATA 

DIMIDISION 

(inchaa) 

Langth  of  Complata  Unit 

129.00 

Motor  Caaa  Outaida  Diamatar 

26.00 

MaxinvDB  DiamAtar  Ovar  Aft  Attaehmant  Luga 

33.50 

Throat  Diamatar 

10.96 

Exit  Cona  Diamatar 

25.00 

NCMINAL  WEIGHT  OF  ROCKET  MOTOR  PARTS 

WEIGHT 

(Pounds) 

Motor  Caaa  Aaaambly  including  alivara 

1005 

Nossla 

520 

Propallant 

1400 

Linar 

10 

Pyrogan  Unit 

15 

Nossla  Cloaura  Plata 

5 

TOTAL  WEIGHT 

2955 

TABLE  2.  Physical  Charaetaristics  of  tha  M16E3  Roekat  Motor. 


Tha  TU-P-140  Pyrogan  unit  vaigha  15.39  pounds 
is  propallant.  Parformanea  oharactarlatiea  of  tha 
safa/arm  daviea  ara  in  Tabla  3. 

2.05  of  which 
TU-SA-140 

NOMQICLATURE 

REQUIREMENT 

Solanold  Actuation 

28  Volta  DC 

Squib  Firing  Circuit 

28  Volta  DC 

Maximum  No-Flra  Par  Squib  or  2  in  Parallal 

1 .0  Ampara 

Minimum  All>Flra 

1 .8  Amparas 

Raalstanca  (Safa  Position)  batvaan  pins  "H"  &  "L" 

Singla  Circuit  Batvaan  (Pina  "A"  &  "B"  - 

Squib  Noo  2) 

(Pina  "C"  ft  "D"  - 
Squib  No.  1) 

0.22  1  0.10  Ohm 

TABLE  3.  Parformanoa  Charaotariatica  of  tha  TU-SA-140  Safa/Arm 


Daviea . 
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Th«  propellant  usad  in  the  M16E3  la  the  T-35  Polysulflda  type. 
Table  4  gives  the  composition  of  T-35  propellant  as  nominal  per 
cent  by  weight  and  the  function  of  each  ingredient. 


INGREDIENT 

NOMINAL 

PERCENTA(S 

FUNCTION 

Ammonium  Perchlorate  with 
conditioner 

70.17 

Oxldiser 

Liquid  Polymer,  Ethyl  Formal 
Polysulfide,  Medium  Viscosity 

21.48 

Fuel  -  Binder 

Di  ( Butozydlethozy)  Methane 

2.39 

Plasticiser 

Ferric  Oxide 

2.00 

Burning  -  rate 

Catalyst 

Para-Quinone  Dioxlme 

1.60 

Curing  Agent 

Magnesium  Oxide,  Calcined 

1.01 

Additive  to  increase 
strength  at  tempera¬ 
ture  extremes 

Diphenylguanldine 

0.795 

Curing  Accelerator 

Sulfur 

0.015 

Curing  Accelerator 

TABLE  4.  Propellant  T35  Composition. 


TEST  PROCEDURES 


The  five  test  motors  (age  52  months)  from  Lot  1  were  subjected 
to  a  thorough  visual  and  X-ray  examination  prior  to  temperature  and 
static  tests. 

Temperature  conditioning  was  accomplished  using  the  portable 
environmental  unit  shown  in  Figure  5.  Motors  were  held  in  the 
oven  for  a  minimum  of  44  hours  before  firing.  Motors  19»  20  and 
21  were  fired  within  60  minutes.  Motor  number  16  was  fired  within 
80  minutes  and  number  18  within  100  minutes.  The  estimated  firing 
temperatures  in  Table  8  are  substantiated  by  the  data. 

Test  firing  was  accomplished  using  the  set-up  as  shown  in 
Figures  6  and  7. 
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FIGURE  7.  Rocket  Motor,  M16E3  (After  Firing)  (Hill  Air  Force  Range  64O4) 
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TEST  RESULTS 


VISUAL  INSPECTION 

Only  a  fav  minor  propallant  chips  wars  notlead  during  tba 
visual  Inspactlon  of  tba  M16  Motors.  Visual  Inspaction  of  tba 
pyrogan  units  prior  to  Installation  In  tba  motors  ravaalad  soma 
small  chips  In  tba  grain. 

RADIOGRAPHIC  INSPECTION. 

A  total  of  67  voids,  chips  and  dafacts  vara  found  during  X-ray 
axamlnatlon  of  tba  flva  sampla  motors.  Tba  sisa  of  tba  voids 
varlad  from  .123  I  .123  to  2.0  X  1 .3  inchas.  Tba  surfaca  dafacts 
variad  from  .123  X  .23  to  3.0  X  1.3  inchas.  Tba  braakdovn  by  motor 
of  thasa  voids  and  dafacts  Is  In  Tabla  3. 


MOTOR  SERIAL  NO. 

SURFACE  DEFECTS 

VOIDS 

16 

1 

11 

18 

4 

3 

19 

8 

5 

20 

2 

26 

21 

2 

5 

TABLE  3.  Results  of  M16E3  Radiographic  Examination. 


STATIC  FIRING. 

No  malfunctions  occurred  during  the  static  tests.  Thrust 
values  recorded  for  the  two  hot  motors  vara  slightly  low.  All 
other  data  vara  within  specification  limits.  Data  from  three 
M16E1  Motors  are  included  in  the  results  for  comparative  p\irposas. 
These  motors  ware  tasted  by  the  Army  Rocket  and  Guided  Missile 
Agency,  Redstone  Arsenal,  Alabama.  Flgiiras  9,  10  and  11  are 
graphical  displays  of  ballistic  characteristics  for  all  motors 
tasted.  Shown  with  the  Air  Force  motors  are  data  from  motors 
fired  by  ARCMA  for  comparative  purposes. 

Figure  8  is  a  graphical  definition  of  the  following  parameters. 
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DEFINITION  OF  PARAMETERS 

Ignition  Tim«  (ti) .  Ignition  tim«  is  ths  tims  from  switch 
closure  until  10  psr  esnt  of  ths  maximum  thrust  is  attained. 

Action  Time  (t^) .  Action  tims  begins  when  pressure  has 
risen  to  10  per  cent  of  its  maximum  value  and  ends  when  it  has 
fallen  to  10  per  cent  of  its  maximum  value. 

Burning  Time  (t^)  .  Burning  time  begins  at  the  same  point  as 
does  the  action  time  and  ends  when  the  pressure  begins  to  drop 
sharply  near  the  end  of  burning.  This  point  is  defined  by  marking 
tangents  to  the  equilibrium  portion  of  the  cuirve  and  to  the  decay 
portion  of  the  curve.  The  angle  between  these  tangents  is  bisected 
by  a  line  extending  to  the  curve.  A  vertical  line  dropped  from  ths 
point  \diere  the  bisecting  line  cuts  the  curve  indicates  the  end  of 
burning  time. 

Ignition  Delay  (t^j) .  Ignition  delay  is  the  time  from  switch 
closure  (to)  to  4000  ftounds  thrust. 

Pressure,  Average  Chamber  (Pq) .  The  average  chamber  pressure 
is  the  area  under  the  pressure-time  curve  between  the  limits  of 
action  time  divided  by  the  action  time  (tg^). 

Thrust,  Average  (F).  Average  thrust  is  the  total  impulse 
divided  by  action  time. 

Impulse,  Total  (l).  Total  Impulse  is  the  area  under  the 
thrust-time  curve  within  the  limits  of  action  time. 

Impulse,  Specific  (is-)  .  Specific  Impulse  is  the  total  impulse 
divided  by  the  motor  propellant  weight. 

Ignition  Interval  (tpj^)  .  Ignition  Interval  is  the  time  from 
switch  closure  (t^)  to  90  per  cent  maximum  pressure.  This 
parameter  was  not  calctHated  for  this  report. 

Effective  Exhaust  Velocity  (V^) .  Obtained  by  multiplying  the 
specific  Impulse  by  32.2  ft/sec^. 

Average  Burning  Rate  (Bj.).  Obtained  by  dividing  the  web 
thickness  by  the  bum  time. 
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FIGURE  8.  Definition  of  Parameters  for  the  M16E3  Rocket  Motor 


Figure  11.  Total  Inpulae  versus  Teo^erature  for  the  M16E3  Rocket 
Motors  as  Compared  to  Specification  Values,  (not  calculated  for 
the  ARGMA  motors) 
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Tabl«  6  Is  a  summary  of  parformanee  spaeiflcatlons  for  tha 
M16E3  Rockat  Motor. 


PARAMETER 

-30OF 

160®F 

*Thrj8t,  Average  (Min)  Pounds 

69,500 

106,000 

^Thirust,  Average  (Max)  Pounds 

130,000 

130,000 

Total  Impulse,  (Min)  Pounds*Sec 

256,750 

266,000 

Total  Impulse,  (Max)  Poiinds*Sac 

281,000 

290,000 

Bum  Time,  (Min)  Seconds 

2.200 

2.200 

Bum  Time,  (Max)  Seconds 

3.400 

3.400 

Ignition  Delay,  (Min)  Seconds 

- 

- 

Ignition  Delay,  (Max)  Seconds 

0.500 

0.500 

TABLE  6.  Parfonnanca  Ratings  for  tha  M16E3  Rockat  Motor. 


*  Thrust  Values  ara  corractad  for  altituda  (4200  faat) . 


Table  7  contains  manufacturer's  data  for  the  Air  Force  Motors 
tasted.  Table  8  is  a  summary  of  ballistic  data  for  both  Air  Force 
and  AROIA  firings. 

Test  system  accuracy  is  1  2  per  cant;  therefore,  thrust  values 
for  tha  +160°F  motors  shown  out  of  specification  (Figure  10)  may 
actually  be  within  these  limits. 
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M16E3  ROCKET  MOTOR 

LOT  AND  NUMBER  | 

LOT  1 
NO.  20 

LOT  1 

NO.  21 

LOT  1 

NO.  18 

LOT  1 

NO.  16 

LOT  1 

NO.  19 

Mfg  Data 

3-28-58 

3-28-58 

3-17-58 

3-7-58 

3-17-58 

Caaa  Numbar 

4-649 

S-662 

S-656 

S-650 

S-654 

Nozzla  Numbar 

S-649 

S-662 

S-656 

S-650 

S-654 

Propallant  Vaight 

1376 

1379 

1372 

1369 

1368 

TU-P-140  PYROGEN 

LOT  AND  NUMBER  1 

TH0-005 

THO-005 

THO-005 

THO-005 

THO-005 

Mfg  Data 

ggrggi 

7-18-61 

9-1-61 

9-1-61 

7-12-61 

Sarial  Numbar 

0290 

0272 

0311 

0316 

0239 

Sub  Lot 

042 

041 

ou 

044 

040 

TU-SA-UO  SAJE/AHM 

LOT  AND  NUMBER 

THO-006 

TH0-006 

THO-006 

THO-006 

THO-003 

Mfg  Data 

6-3-61 

7—8—61 

8-9-61 

6-3-61 

5-8-61 

Sarial  Numbar 

0137 

0208 

0227 

0141 

0098 

TABLE  7.  Manufaoturar' B  Data  -  M16E3  Roekat  Motor  and  Ignition  Syatam. 
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MOTOR  LOT  AND  NUP 

[BER 

LOT  1 

NO.  20 

LOT  1 

NO.  21 

LOT  1 

NO.  18 

LOT  1 

NO.  16 

LOT  1 

NO.  19 

TEMPERATURE  (op) 

-30 

-30 

+160 

IH 

673 

667 

889 

842 

573 

577 

n/a 

745 

731 

THRUST 

Fn  (Lb) 

F,  (Lb) 

94,525 

94,525 

103,480 

124,375 

122,385 

78,761 

80,286 

87,109 

101,824 

104,186 

3.329 

3.256 

3.074 

2.711 

2.665 

2.965 

2.894 

n/a 

2.388 

2.397 

0.240 

0.255 

n/a 

0.100 

0.120 

0.241 

0.266 

n/a 

0.103 

0.124 

IMPULSE 

Ig  (Lb*Sec) 

Igp  (Lb*Seo/Lb) 

262,195 

261,410 

267,773 

276,045 

277,657 

190.5 

189.6 

195.2 

201.6 

203.0 

OTHER 

Bum  Rate 
(in/Sec) 

Exhaust  Vel. 
(Ft/Seo) 

0.629 

0.644 

n/a 

0.781 

0.778 

6134 

6105 

6285 

6492 

6537 

TABLE  8.  Performance  Data  -  M16E3  Hocket  Motors. 


*  Estimated  Firing  Tempera tiire . 
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CONCLUSIONS 

1 .  Thtt  foiind  during  th*  radiographie  Inapaetion  had 

no  aignlf leant  affaet  on  the  parformanea  of  the  motors. 

2.  fieakat  Motors «  M16E3  will  parform  satlsfastorlly  for  mora 
than  42  months  tdian  funetlonad  within  tha  tamparatura  limits  of 
-30OF  and  +160°?. 

3.  Roekat  Motors,  M16E3  may  ba  axpaetad  to  parform  with  a 
minimum  reliability  of  63  par  eant  at  a  90  par  sent  aenfldanea 
Isval.  The  bast  astlmata  of  suaeass  is  89*7  par  eant.  Tha  low 
minimum  reliability  (63  par  eant)  stated  is  mainly  due  to  the 
small  number  of  units  tested,  and  not  baeausa  tha  ballistls  data 
obtained  was  out  of  spaeifiaatlon. 


RECOMMENDATIONS 

It  is  raeeoBMndad  that  tha  eomblnad  sarvlea  and  shelf  life  of 
M16S3  Roekst  Motors  ba  artandsd  to  60  months.  Further,  raerasMind 
that  tests  ba  eonduetad  on  motors  orsr  60  months  old  as  soon  as 
samples  ean  ba  obtained. 
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DISTRIBUTION  LIST 

3  D«p  IG  for  Safety,  Hq  USAF  (AnGS-3),  Norton  AFB,  Calif 

1  Hq  USAF  (AFSSS-AE),  Wash  25,  DC 

2  AIIC  (MC^  &  MCAS) ,  Wright-Pattarson  AFB,  Ohio 
1  AUL,  Maxwall  AFB,  Ala 

20  ASTIA  (nSIA-2),  Arlington  Hall  Stn,  Arlington  12,  Va 
1  Buraau  of  Navai  Wpns  (Coda  BMMO-5) ,  Dap  of  the  Navy,  Wash  25  DC 
1  CO,  US  Army  Mtal  Comd  Fiald  Safaty  Agcy,  Charlastown,  Ind 
1  Safaty  Div  (AMCAD-SA),  US  Army  Mtal  Comd,  Wash  25,  DC 
1  US  Army  Ammunition  Procuramant  and  Sup  Agcy  (31UAP-Q),  Joliat,  Ill 
1  Hq  AFX  (SCMMS-3),  Andraws  AFB,  Wash  25,  DC 
1  CO,  Picatinny  Arsanal  (Tach  Info  Lib),  Dovar,  NJ 
1  MATS  (MAMSS/SX) ,  Scott  AFB,  Ill 

I  Tach  Lib  (Coda  T2) ,  US  Naval  Propellant  Plant,  Indian  Haad,  Md 

II  OOAMA  (1-OOAEP,  1-OOK,  1-OOYIT,  1-OOYID,  1-OOYS,  1-OOYBO,  5-OOYEG) , 
Hill  AFB,  Utah 

1  ASD  (ASZX),  Wright-Pattarson  AFB,  Ohio 
1  6593d  Tast  Gp  (Daval) (DGSMS) ,  Edwards  AFB,  Calif 

1  Allegany  Ballistics  Lab  (Tach  Lib),  PO  Box  210,  Cumbarland,  Md 

3  Cml  Prpln  Info  Agcy,  The  John  Hopkins  Univ,  Applied  Physics  Lab, 
(Patrick  J.  Martin,  Asst  Gp  Suprv) ,  8621  Georgia  Ava,  Sliver 

Spring,  Md 

1  USAFE  (MMD-H),  APO  633,  New  York,  NY 
1  586th  Tactical  Missile  Gp,  APO  109,  NY 

1  587th  Tactical  Missile  Gp,  APO  130,  NY 

2  AFPR,  Martin  Co,  Baltimore,  Md  (l  cy  to  Martin  Co  TM-76  Program  Ofc) 
2  AFPR,  Thiokol  Chemical  Corp,  Brigham  City,  Utah  (l  cy  to  Thiokol 

Chemical  Coit)) 

2  WRAMA  (WRW),  Robins  AFB,  Ga 
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